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ABSTRACT
Photosynthesis is very important to plants in order to produce their own food. The study of this process involves wide range
of field including morphology, physiology, and biochemical studies. In this study the analysis of leaf pigments content including
chlorophyll and anthocyanin content and stomata distribution that directly and indirectly involve in photosiynthesis were
conducted. Eight Hevea species that are H. brasiliensis, H. camargoana, H. guinensis, H. benthamiana, H. rigidifolia, H.
nitida, H. spruceana, and H. pauciflora were analyzed. Between these eight species, H. brasiliensis has the highest chlorophyll
content while H. rigidifolia with the lowest chlorophyll content. Meanwhile, the anthocyanin content was found to be the
highest in H. guinensis (36.747 mg/L) and lowest in H. camagoana (15.1 mg/L). Stomata distribution that directly involves
in gas exchange during photosynthesis was found to be high in H. camargoana (190.55/mm2) and low in H. rigidifolia
(92.25/mm2). As a conclusion, this study can be used as a guideline to indicate the physiological state and functional of the
plant leaves as a result from analysis of chlorophyll and anthocyanin content and also the distribution of stomato.
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INTRODUCTION
Conventional breeding and selection of Hevea
brasiliensis may take into account some physio-
logical characteristic of the clones in designing
further breeding strategies. Considerable effort and
continuous attempt are being made through breeding
and selection to improve rubber productivity and to
meet increasing demand from the stakeholders.
There are many Hevea clones that are constantly
being bred to get a better and superior genotype. An
improvement of the genetic composition of Hevea
species is being conducted (de Souza et al., 2015).
Hevea species are another source of genetic reservoir
that may be exploited by breeders for that matter
(Goncalves et al., 2006).
Morphology, physiological characteristic and
biochemical information derived from the Hevea
clones can assist future Hevea breeding program.
Leaf pigment content for instance can provide
valuable insight into the physiological performance
and function of leaves (Merzlyak et al., 1999),
which at the end can be correlated with the yield,
and productivity of each rubber tree. Chlorophylls
absorb light energy and transfer it into the
photosynthetic apparatus. Carotenoids (yellow
pigments) can also contribute energy to the
photosynthetic system. Anthocyanins (pink, purple,
and red pigments) may also protect leaves from
excess light or from UV light (Fini et al., 2011).
Reports show that anthocyanin in leaves is mainly
located in the mesophyll and lower epidermis than
in the upper epidermis where they would be more
effective as light screen (Gould & Quinn, 1999).
Anthocyanins may also serve as scavengers of
reactive oxygen intermediates (Hatier & Gould,
2008; 2009) and significant effect to human health
as well by preventing diseases such as tumor and
cardiovascular (Chen, 2016).
Since that pigments are very important for leaf
function, variations in pigment content may
provide information concerning the physiological
214 Hevea SPECIES, CHLOROPHYLL, ANTHOCYANIN, STOMATA, TRICHOME
state of leaves. Anthocyanin content tends to be
high in young leaves that also have low
photosynthetic rates (Gould et al., 2000) in leaves
of plants where growth has been limited by low
temperature of other stresses and pollinators attack
(Chalker-Scott, 1999; Winkel-Shirley, 2001; Hughes
et al., 2005).
In Hevea, clonal variations in photosynthesis
rate (Samsuddin, 1986; Nugawela et al., 1995;
Miguel et al., 2007) and stomata distribution
(Bastiah et al., 2009) have been observed.
Previously, positive correlation was found between
leaf water potential and stomatal and also leaf water
potential and photosynthetic rate of two clones of
Hevea brasiliensis (Sittichai & Sdoodee, 2014). The
identification of stomata distribution is important
for better clone selection. The stomatal closure that
occurred during water stress or drought can reduced
the carbon dioxide uptake and thus reduce
photosynthesis rate (Sangsing et al., 2004).
To assess the leaves photosynthetic efficiency
between Hevea species, we studied some of the
parameters that are directly or indirectly associated
with the physiological function of the leaves such
as the pigment content, stomata distribution and
morphology character of leaves across eight
native Hevea species namely H. brasiliensis, H.
benthamiana, H. pauciflora, H. camargoana, H.
guinensis, H. rigidifoli, H. nitida and H. spruceana.
MATERIALS AND METHODS
Plant materials
Leaf samples were taken from Hevea 1995
germplasm at Bt. Arang, Selangor in the morning
between 0900 h to 1100 h when weather conditions
were good and no rain prior to the sampling day.
Small branches were cut at random with the help of
a pruning knife attached to the pole. The leaves were
washed and blotted dry and used for extraction and
determination of leaf pigments.
Determination of chlorophyll content
The chlorophyll content of leaf was measured
following the method suggested by Shaw et al.
(1965). One-gram sample (fresh weight) of leaf
tissue was ground with 50 ml (v/v) cold ethanol
(80% v/v) in a mortar. After filtering the leaf extract,
1 ml of the filtered solution was diluted to 5 ml with
ethanol. The relative chlorophyll concentrations
were determined by measuring the optical-
absorption at 665 mu using a Perkin Elmer
spectrophotometer Lambda EZ201. Distilled water
was used as a blank (reference material) in the
spectrophotometer reading.
Determination of anthocyanin content
Leaves were cut into approximately 1 mm strips
and 1 g of this was placed into a beaker containing
10 ml of 0.1 of 0.1 M HCl. The mixture was stirred
occasionally and placed in a bell jar for 4 hours. The
extract was then filtered and the filtrate was read at
520 mu in the spectrophotometer Lambda EZ201.
The anthocyanin extract was measured in terms of
pigment unit per gram of leaf tissue (Thimann &
Edmunson, 1949) following the equation:
Pigment units = 520 x v(HCl)/10
Where V is volume in mililitres.
Stomata distribution
Fresh leaves were washed with distilled H2O and
air-dried for several minutes. A thin layer of cutex
was applied and spread evenly on the lower surface
of the foliar and allowed dry. The dried cutex was
carefully peeled off from the foliar and the shadow
cast replicas were mounted onto glass slides in
Canada balsam to be examined under an optical
microscope (Leica DM750) at 10x magnification
with a field of view approximately 0.936mm x
0.702mm. Image analysis of the stomata was
carried out using an image analyser system (Leica
Application suite ver. 3.7).
Scanning electron microscopy (SEM) of foliar
Fresh leaves were cut into small pieces of 10 cm
x 10 cm and mounted on a copper stub smeared with
carbon paste for adhesion. Uncoated leaves samples
were immediately introduced into the low-pressure
column and examined using a FEI Quanta 180
ESEM at electron microscopy laboratory, HUKM.
RESULTS AND DISCUSSION
Chlorophyll contents in the leaves of eight Hevea
species were given in Figure 1. The results indicate
that the mean for H. brasiliensis is significantly
larger than the means of all the other groups. There
are four means that are not found to be significantly
different i.e. H. nitida, H. spruceana, H. camargoana
and H. guinensis. The mean for H. rigidifolia
however is found to be significantly smaller that the
means of the other species. There is a significant
different in mean of chlorophyll content between
species (p-value = 0.0004). With this variation in
chlorophyll content across the species it is quite
plausible to carry out another experiment in order
to see the correlation between some of the other
reported parameters directly related to the
photosynthesis of the leave such as the palisade
thickness, spongy layer thickness, number of cells
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Fig. 1. Chlorophyll content of eight Hevea species.
Fig. 2. Optical micrograph of H. pauciflora leaf lamina. Two guard cells (g) of
a closed stoma leading to a cavity in the leave lamina. There is also evidence of
foreign pathogens on the lower epidermis (stained red). p = palisade cells, sp =
spongy cells, v = vascular bundle, g = guard cell. Magnification x 10.
in palisade unit length and number of cells in
spongy layer unit across the species (Figure 2).
Those parameters were reported diverse in their
nature in different growth stages of Hevea
brasiliensis (Engku Azlin Rahayu Engku Ariff et
al., 2011). With a comprehensive data that include
all those parameters, it will give a more meaningful
interpretation and in depth information on the
Hevea spp. foliar physiological performance and
function in relation to their photosynthetic activity.
Figure 3 shows the content of anthocyanin in
leaves of eight Hevea species. Result shows that
the highest mean for anthocyanin content is in H.
guinensis and the lowest is in H. camargoana.
However, there is no significant different in mean
of antocyanin content between the species (p-value
= 0.5289). It was reported that anthocyanin content
tends to be high in the young leaves and reduced
as they become matured. Young leaves also have
low chlorophyll content and exhibit low photo-
synthetic rate (Zhang et al., 2016).
Another sampling is going to be carried out for
anthocyanin content in order to see the relation with
different sampling time and also on trees with
216 Hevea SPECIES, CHLOROPHYLL, ANTHOCYANIN, STOMATA, TRICHOME
Fig. 3.  Mean of anthocyanin content of eight Hevea species.
different ages. Reflectance index factor of the foliar
has been reported to be one of the interference
factors in getting the precise reflectance reading from
the spectrophotometer (Sims & Gamon, 2002). Even
though anthocyanins do not participate in photo-
synthesis directly, these pigments often help to
protect the leaves against excessive sunlight that
can damage some leaf tissues (Steyn et al., 2002;
Hughes et al., 2005).
The analysis of number of stomata per unit area
is shown in Figure 4. H. camargoana has the highest
mean while H. rigidofolia with the lowest mean.
There are two groups of means. H. brasiliensis, H.
camargoana, H. spruceana, H. pauciflora fall in the
group with the higher mean whereas H. rigidofolia,
H. nitida and H. guinensis in another group of the
lower means. The distribution of stomata is different
in all eight Hevea spp. This is similar with previous
finding, where the difference in number of stomata
in Amozonia tree species is influenced by the
genetic background, including the tree height
(Carmago & Marenco, 2011). Stomata numbers in
the lower epidermis range from 92 to 190 per square
millimeter for the eight Hevea species were
investigated.
Fig. 4. Stomata distribution per unit area on leaves of eight Hevea species.
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Fig. 5. Scanning electron micrographs of H. rigidofolia leaf abaxial. Most of the
stomata seems to be closed indicate the turgor pressure of the guard cell decline
(possibly because of time taken during the transport) t = trichome, s = stomata.
Magnification 500x.
Scanning electron microscopy (SEM) micro-
graphs of the Hevea abaxial area also revealed that
in certain Hevea species such as H. camargoana, H.
pauciflora and H. rigidofolia the existence of
specialized appendage called trichome (Fig. 5). The
role of trichome is involves in water balance on the
surface of the leaf. They help increase the rate of
water absorption and reduce the rate of water loss
due to evaporation in order to keep the leaf surface
cool. As temperature is another important factor
affecting photosynthesis (Kositsup et al., 2009),
having trichomes on the leaves of certain Hevea
species may assist the tree to function more
effectively during photosynthesis. This extra
appendage can also be considered as a unique
feature in those species and can be used as species
identification in Hevea taxonomy purposes.
The brief observations made in this report
regarding the pigments content, stomata distribution
and morphology of foliar across eight Hevea species
indicate that all the variations shown in the selected
parameters that contribute directly or indirectly to
photosynthesis may be exploited further in breeding
and selection of Hevea. The present study was done
with the assumption that all the randomly selected
Hevea species are in the normal and healthy
condition, without any nutrition deficiencies, which
would lead to sub-normal photosynthesis.
CONCLUSION
This study reported on some of the parameters that
have direct or indirect effect on the leaves of eight
Hevea species in relation to Hevea photosynthesis
function. H. brasiliensis is found to have the highest
mean for chlorophyll content whereas H. rigidofolia
the lowest. Antocyanins are highest in H. guinensis
and lowest in H. camargoana. Despite having the
lowest antocyanins content among all the species,
H. camargoana shows to have the most number of
stomata per unit area and H. rigidofolia has the
lowest. Trichomes are found on the leaves abaxial
surface of H. camargoana, H. pauciflora and H.
rigidofolia. The trichromes help in improving the
photosynthesis by reducing the water loss especially
in high temperature.
ACKNOWLEDGEMENTS
The authors wish to acknowledge the valuable
technical assistance from En. Saiful and Pn. Nur
Aziah Alias for statistical analysis.
218 Hevea SPECIES, CHLOROPHYLL, ANTHOCYANIN, STOMATA, TRICHOME
REFERENCES
Bastiah, A., Hashima, I. & Siti, H.S. 2009. Early
selection of promising high yielding Hevea
progenies based on selected physiological and
stomatal characteristics. Journal of Rubber
Research, 12(3): 140-150.
Camargo, M.A.B. & Marenco, R.A. 2011. Density,
size and distribution of stomata in 35 rainforest
tree species in Central Amazonia. Acta
Amazonica, 41(2): 205-212.
Chalker-Scott, L. 1999. Environmental significance
of anthocyanins in plant stress responses.
Photochemistry and Photobiology, 70: 1-9.
Chen, W., Xu, Y., Zhang, L., Li, Y. & Zheng, X.
2016. Wild raspberry subjected to stimulated
gastrointestinal digestion improves the
protective capacity against ethyl carbamate-
induced oxidative damage in Caco-2 cells.
Oxidative Medicine and Cellular Longevity,
2016: 3297363.
de Souza, L.M., Le Guen, V., Cerqueira-Silva,
C.B.M., Mantello, C., Conson, A.R.O., Vianna,
J.P.G., Zucchi, M.I., Junior, E.J.S., Fialho, J.F.,
de Moraes, M.L.T., Goncalves, P.S. & de Souza,
A.P. 2015. Genetic strategy for the management
and use of rubber genetic accessions in a 100-
genotype core collection. PLoS One, 10(7):
e0134607.
Engku Azlin Rahayu Engku Ariff, Suratman, M.N.
& Abdullah, S. 2011. Stomatal conductance,
chlorophyll content, diameter, and height in
different growth stages of rubber tree (Hevea
brasiliensis) saplings. IEEE Symposium on
Business, Engineering, and Industrial
Applications. Langkawi. pp. 84-88.
Fini, A., Brunetti, C., Di Ferdinando, M., Ferrini, F.
& Tattini, M. 2011. Stress-induced flavonoid
biosynthesis and the antioxidant machinery of
plants. Plant Signaling Behaviour, 6: 709-711.
Goncalves, P. de S., Silva, M. de A., Gouvea, L.G.L.
& Junior III, E.J.S. 2006. Genetic variability for
girth growth and rubber yield in Hevea
brasiliensis. Genetic and Plant Breeding, 63:
246-254
Gould, K.S., Markham, K.R., Smith, R.H. & Goris,
J.J. 2000. Functional role of anthocyanins in the
leaves of Quitinia serrate A. Cunn. Journal of
Experimental Botany, 51(347): 1107-1115.
Gould, K.S. & Quinn, B.D. 1999. Do anthocyanins
protect leaves of New Zealand native species
from UV-B? New Zealand Journal of Botany,
37: 175 - 178.
Hatier, J.H.B. & Gould, K.S. 2008. Foliar
anthocyanins as modulators of stress signals.
Journal of Theoetical Biol., 253: 625-627.
Hatier, J.H.B. & Gould, K.S. 2009. Anthocyanin
function in vegetative organs. Anthocyanin:
Biosynthesis, Functions, and Applications.
Gould, K.S., Davies, K.M., and Winefield, C.
(Eds.). New York: Springer. pp. 1-20.
Hughes, N.M., Neufeld, H.S. & Burkey, K.O. 2005.
Functional role of anthocyanins in high light
winter leaves of the evergreen herb Galax
urceolata. New Phytologist, 168: 575-587.
Kositsup, B., Montpied, P., Kasempsap, Thaler, P.,
Ameglio, T. & Dreyer, E. 2009. Photosynthetic
capacity and temperature responses of photo-
synthesis of rubber trees (Hevea brasiliensis
Mull. Arg.) acclimate to changes in ambient
temperatures. Trees, 23(2): 357-365.
Merzlyak, M.N., Gitelson, A.A., Chivkunova, O.B.
& Rakitin. V.Y. 1999. Non-destructive optical
detection of pigment changes during leaf
senescence and fruit ripening. Physiologia
Plantarum, 106: 135 -141.
Miguel, A.A., de Oliveira, L.E.M., Cairo, P.A.R.
& de Oliveira, D.M. 2007. Photosynthetic
behavior during the leaf ontogeny of rubber tree
clones [Hevea brasiliensis (Wild. ex. Adr. De
Juss) Muel. Arg.], in Lavras, MG. Ciencia a
Agrotecnologia, 31: 91-97.
Nugawela, A., Long, S.P. & Aluthhewage.
1995. Possible use of certain physiological
characteristics of young Hevea plants predicting
yield at maturity. Indian Journal of Natural
Rubber Research, 8: 100-108.
Samsuddin, Z. 1986. Accessing the practical uses of
some physiological parameters in Hevea. In:
Proceedings of IRRDB Meeting of Physiology
and Exploitation. SCATC, Hainan. pp. 158-
169.
Sangsing, K., Kasemsap, P., Thanisawanyangkura,
S., Sangkhalisa, K., Gohet, E., Thaler, P. &
Cochard, H. 2004. Xylem embolism and
stomatal regulation in two rubber clones (Hevea
brasiliensis Muell. Arg.). Trees, 18: 109-114.
Shaw, M.M., Bhatacharya, P.K. & Quick, W.A. 1965.
Chlorophyll, protein and nuclei acid levels in
detached senescing wheat leaves. Canadian
Journal of Botany, 43: 739.
Sims, D.A & Gamon, J.A. 2002. Relationships
between leaf pigment content and spectral
reflectance across a wide range of species, leaf
structures and developmental stages. Remote
Sensing of Environment, 81: 337 - 354.
Sittichai, S. & Sdoodee, S. 2014. Difference in
physiological responses to water stress between
two rubbers (Hevea brasiliensis) clones of
RRIM 600 and RRIT 251. Journal of
Agricultural Technology, 10(3): 743-754.
Hevea SPECIES, CHLOROPHYLL, ANTHOCYANIN, STOMATA, TRICHOME 219
Steyn, W.J., Wand, S.J.E., Holcroft, D.M. & Jacobs,
G. 2002. Anthocyanins in vegetative tissues: a
proposed unified function in photoprotection.
New Phytologist, 155: 349-361.
Thimann, K.V. & Edmunson, Y.H. 1949. The
Biogenesis of Anthocyanin. I. General nutrition
conditions leading to anthocyanin formation.
Archives Biochemistry, 22: 33.
Winkel-Shirley, B. 2001. Flavonoid biosynthesis. A
colorful model for genetics, biochemistry, cell
biology, and biotechnology. Plant Physiology.
126: 485-493.
Zhang, T-J., Chow, W.S., Liu, X-T., Zhang, P., Liu,
N. & Peng, C-L. 2016. A magic red coat on
the surface of youngleaves: anthocyanins
distributed in trichome layer protect
Castanopsis fissa leaves from photoinhibition.
Tree Physiology, 36(10): 1296-1306.

